The high consumption of water in irrigated agriculture and lack of alternative water sources make reusing sewage water a highly promising option for irrigation. This paper is aimed at evaluating Brachiaria brizantha cv. Marandu forage quality and yield when fertigated with treated sewage wastewater (TSW) and mineral fertilizer, in the 2013 and 2014 crop years in Jaboticabal, São Paulo State, Brazil. A homogeneous water depth was applied using a triple-line sprinkling irrigation system under a gradual TSW application, using the following TSW and water ratios: E5 = 1.0; E4 = 0.87; E3 = 0.6; E2 = 0.31, E1 = 0.11, and E0 = 0.0. Annual biomass yield increased with the TSW application, ranging from 31.3 to 47.4 Mg ha ), maximum forage yield was not achieved, hence further nitrogen increments would still enhance yield. Forage improved quality has counterbalanced the low fall-winter yields in terms of crude protein (CP) and neutral detergent fibre (NDF).
Introduction
Applying treated sewage effluent to crops is a common practice that dates back to before the BC period, starting from Germany and England within the sixteenth and seventeenth centuries (Veloso, Duarte, & Silva, 2004) . These countries have had a primary goal of preventing pollution in waterways instead of raising agricultural yield.
Nations such as China and Mexico are pioneers in the use of wastewater in agriculture. In Brazil, wastewater usage is performed spontaneously and in an uncontrolled way, mainly due to the lack of wastewater treatment plants in most cities. However, it is expected that controlled applications will increase in the coming years because of economic development as well as environmental and public health pressures.
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The major limitation of TSW usage in farming systems is trace elements, often present in irregular effluent. TSW pathogens such as streptococcus, Salmonella sp., Shigella sp., larvae, protozoa (cysts) and viruses (enteroviruses and rotaviruses) cannot withstand soil environment conditions for more than a few hours, except for helminth eggs.
Forage plants have been sorted for cultivation under TSW application because of their long growth cycle associated with high annual water consumption, nutrient absorption and the ability to prevent soil erosion (Fonseca, Herpin, Paula, Victoria, & Melfi, 2007a; Oliveira Filho et al., 2011) . Moreover, grasses belonging to the Brachiaria genus meet the tolerance requirements of high soil moisture, salinity, organic matter content and possible toxic effects of TSW.
Grass growth in the tropics is often restrained by soil nitrogen deficiency (Vitor et al., 2009; Serafim & Galbiatti, 2012) . Low forage yields are caused by a lack of scientific expertise as reflected in herd characteristics, animal weight fluctuations (i.e., within animal breeding, raising or finishing, low milk or meat yields), and consequently a lower market value. Furthermore, nitrogen is the most limiting factor in biomass production after water (Nogueira et al., 2013) .
TSW is rich in macro and micronutrients essential for the growth of most crops, making its use convenient in farming (Bertoncini, 2008; Oliveira Filho et al., 2011; Silva, Matos, Borges, & Previero, 2012; Nogueira et al., 2013; Pinto, Cruz, Frigo, Frigo, & Hermes, 2013) . Additionally, it also provides an increase in irrigated areas, even in those under jeopardized water use conditions (river basins under critical conditions).
The management of pastures with wastewater has been providing higher forage nutritional quality (Alencar et al., 2009 , Teixeira et al., 2011 Serafim & Galbiatti, 2012; Matos, Silva, Lo Monaco, & Pereira, 2013; Nogueira et al., 2013) . In addition to enhanced yield (Drumond, Zanin, Aguiar, Rodriguês, & Fernandes, 2006; Fonseca et al., 2007b; Silva et al., 2012) , it is also good for supplying water and nutrient demands in a sustainable way and avoiding direct TSW discharge into water bodies (Bertoncini, 2008) .
Leaf protein synthesis is assigned to water availability and soil fertility, mostly nitrogen, which reflects in higher digestible protein (CP) and reduces levels of less digestible fibre (NDF) for forages (Freitas et al., 2007; Geron et al., 2014) , producing a forage of better quality for animal consumption.
Studying urban development, water resource management and the use of wastewater for irrigation in India, Van Rooijen, Biggs, Smout, and Drechsel (2010) concluded that wastewater use in agricultural lands is a contribution to food security and public health, in addition to improving the quality of water downstream of cities as well as reducing the demand for underground water in agriculture.
Reduced production costs associated with decreasing the use of mineral fertilizer may justify the economic feasibility of wastewater use in agriculture (Alencar et al., 2010; Nogueira et al., 2013) . Additionally, fertigated areas should be connected to sewage treatment plants, thereby minimizing transportation costs.
Increased yields and forage quality are expected when using nitrogen fertigation with TSW in Brachiaria brizantha cultivation, coupled with reducing input costs and underground water use in agricultural lands. Investigations under these conditions would provide guidelines for wastewater use in Brazilian agriculture. Based on this research, we aimed to evaluate the response (forage yield and quality) of Brachiaria brizantha cv. Marandu to fertigation with various treated sewage wastewater rates and mineral fertilizer during the years of 2013 and 2014 in Jaboticabal, São Paulo State, Brazil.
Material and methods
The experiment was carried out in 2013 and 2014 at the College of Agricultural and Veterinarian Sciences at the São Paulo State University (FCAV-UNESP), in Jaboticabal, São Paulo State, Brazil (21°14'41,9" S and 48°16'25.2" W).
The soil is classified as Eutrophic Red Latosol -Lve (Red Oxisol), with a clayey texture (> 50%), high iron content, gentle landforms and high fertility (Table 1) . - In this study, we used treated sewage wastewater from a sewage treatment plant (STP) near the experimental area. Treatments performed in this STP consist of a mixed system (aerobic and anaerobic) composed of an up-flow anaerobic digester and facultative lagoons. This plant collects sewage from Jaboticabal, with an average flow of 202 L hab . Homogeneous distribution of water depth and gradual application of TSW were carried out by a triple-line sprinkling system (Lauer, 1983) at 30 m.c.a working pressure (0.042 ksi). Uniformity coefficients of Christiansen (CUC) and distribution (DU) were 88.8% and 83.5%, respectively; thus, it was possible to define six treatments with four replications by applying the following TSW water ratios: E5 = Figure 1 ). TSW monthly samples were collected to analyse nitrogen concentration, and at the end of each season, complete analyses of nutrients were made using TSW samples.
Prior to the experiment, Brachiaria brizantha cv. Marandu seeds were sown into 0.2 m rows and at a rate of 10 kg ha -1
. During this operation, fifty kilograms of superphosphate were applied per hectare.
Fertigation control was in accordance with plant nutritional demand, according Dantas et al. (2016) , and consisted of 15 kg ha -1 nitrogen (N), 3.5 kg ha -1 phosphorus (P) and 18 kg ha -1 potassium (K) per dry biomass megagram (Mg). However, water demand followed the FAO 56 method in the reference treatment (E3), which was considered the criterion of greatest value within a 28-day interval. In the E0 treatment, a mineral fertilizer (NPK) equivalent to nutrient demand in the reference treatment (E3) was applied. Higher rates in E3 in the same season were utilized to supply crop water requirements. The application of TSW in the experimental area considered the criteria established by the Technical Standard P4.230 (CETESB, 1999) .
Dry biomass yield was assessed by harvesting grass. Grass was cut at 0.15 m height, except for the three first harvests when it was at 0.2 m, every 28 days (from Feb. 5, 2013 to Jan. 6, 2014 . Eight summer harvests, 10 fallwinter harvests and 8 spring harvests were performed. The adopted management enabled 13 cut cycles and 2 harvests per year, which were done in a single month, one at the beginning and the other at the end.
Cuttings were aided by 0.25 m 2 templates randomly thrown three times (replications) over each plot and four times per treatment. Replications were homogenized and one sample was withdrawn for weighing. Then, the selected sample was dried in a forced circulation air oven at 65°C up to constant weight for dry biomass determination (Lacerda, Freitas, & Silva, 2009 ). Before being collected, plant height was measured using acetate sheets thrown randomly onto the lawn in six replications per plot.
Nitrogen yield was calculated by the ratio between dry biomass production and the amount of nitrogen applied.
A forage qualitative study analysing crude protein (CP) and neutral detergent fibre (NDF) was conducted in a quarterly basis per respective season using a methodology proposed by Silva and Queiroz (2006) .
Forage yield data were analysed per season according to Johnson, Chaudhuri, and Kanemasu (1983) , using the GLM procedure of SAS software, and the averages were compared by Tukey's test at 1% and 5% probability. Response functions were adjusted between dry biomass yield and qualitative characteristics according to the amount of nitrogen applied via TSW. ) were, respectively, ideal and low for forage fertigation purposes (Table 2) . Although TSW salinity was low (< 0.46 dS m -1 ) by electrical conductivity evaluation, low sodium concentrations were observed (58.8 ± 8.7 mg L -1 ) but in a low adsorption ratio (SAR = 3.3 ± 0.6), which is above the critical level. In addition, there was also a high total coliform count and the presence of Escherichia coli in the effluent.
Other nutrients were applied in the following amounts in E5: P = 27, K = 314, Ca = 258, Mg = 92, Na = 894, SO = 369, Fe = 6, Mn = 1, and Zn = 11, in 2013, and P = 21, K = 463, Ca = 358, Mg = 108, Na = 1,428, SO = 421, Fe = 17, Mn = 2, and Zn = 3, in 2014, in kg ha -1
. The remaining treatments were given quantities proportional to application ratios as defined for each treatment.
Mineral fertilizers (E0) were applied in summer, fallwinter and spring at the rates of 189, 85, and 182 kg ha Superior nitrogen levels in E3 were applied in the same seasons to fulfil the crop water requirements.
Irrigation water depths for summer, fall-winter and spring were, respectively, 678, 500, and 675 mm in 2013, and 750, 661, and 842 mm in 2014. The total depth of irrigation and precipitation is shown in Table 3 .
Mineral P and K fertilizers at the respective rates of 96 and 554 kg ha nitrogen was applied to the E5 treatment (Table 4) . Moreover, a greater nitrogen increment in the second year stemmed from the higher dry biomass yield. Rising temperatures, reduced rainfall, and consequently, greater water demand in 2014 led to higher forage yields. During 2013 and 2014, the average temperatures were 22.2, and 23.3°C, respectively, with maximum values of 34.1, and 36.5°C and minimum values reaching 8.2, and 11.9°C; however, annual average rainfall was 1,393 mm, and 721 mm with an evapotranspiration of 1,398 mm, and 1,616 mm. Wastewater application increased the organic matter content, calcium, base saturation and cation exchange capacity (Table 5) . Additionally, reductions of phosphorus, potassium and magnesium contents were observed, where plants absorbed some of the minerals and the remainder leached into the soil. Soil B concentration remained at an average content over time. During the evaluation period, the soil retained a low Al content, a medium to high content of Zn and Fe, and high amounts of Cu, Mn, and S-SO 4 . Seasonal effects marked forage production, with high values present from October to April and low ones between May and September (Tables 6). High yields were reported in summer (44.7%) and spring (35.7%) of 2013, due to climatic factors that increased plant metabolic activities and, thus, promoted forage growth. In contrast, the low yield in autumn-winter (19.6%) was due to sub-optimal conditions for crop growth. Fonseca et al. (2007b) and Matos et al. (2013) . A variance analysis of summer forage yield revealed that the factors cultivation year, TSW rate and TSW x year interaction were significant (Table 8 ). The coefficient of variation was 9.6%, which shows high experimental accuracy. ) of probability; ( ns ) nonsignificant; V.C. -variation coefficient; Averages followed by the same letter in the upper right do not differ by Tukey's test (p < 0.05).
The average comparisons showed a higher forage yield in 2014 compared to 2013. Statistical breakdown of the TSW x year interaction showed similar yield averages in the summer of 2013.
Initial fertilization standardized forage production at the beginning of the experiment. In the summer of 2014, the highest average yields were observed for E5, E4, and E0; however, E3, E2, and E1 had the lowest averages, but the E4 and E3 averages did not differ significantly.
During the fall-winter season, we observed significant results for the year and TSW rates; however, there was no interaction between them ( Table 9 ). The coefficient of variation was 13.5%. Moreover, biomass yield in 2014 surpassed the findings for 2013. ) of probability; ( ns ) nonsignificant; V.C. -variation coefficient; Averages followed by the same letter in the upper right do not differ by Tukey's test (p < 0.05).
When comparing TSW rates, we noticed higher yields for E5, E4, and E0, with no significant differences between E3 and E0. In addition, relatively low rates of nitrogen (E1) reduced biomass yield by up to 84.2% compared with the maximum rates (E5). During this season, biomass yield did not reach the minimal level for cattle grazing, which is 1,200 kg ha -1 (Silva et al., 2012) , within the 28-day intervals. This yield drop is associated with low temperatures, humidity and light, which are limiting factors for grass development, unlike what is observed in summer and spring. The growth of C4 grasses is highly demanding of temperature and luminosity (Matos et al., 2013) . Maranhão et al. (2010) proved this fact in a study of nitrogen levels on Brachiaria, observing a 78.9% reduction in dry biomass from summer to winter. Similar results were obtained by Alencar et al. (2009) and Oliveira Filho et al. (2011) .
As for spring data, we observed significant effects of year, TSW rates and their interaction, with a variation coefficient of 10.3% (Table 10 ). In 2014, biomass yield was higher than in 2013 (41%). Furthermore, in 2014, peaks of higher and lower biomass yield for E5 ) and E1 (7 Mg ha -1 ) were recorded, respectively. It is worth mentioning that in warmer periods with high solar radiation, as in 2014, increased yields occurred. Dupas et al. (2010) , Matos et al. (2013) and Dantas et al. (2016) .
In 2014, the lowest average rates of biomass growth occurred in treatments with lower inputs of TSW (E1 and E2), corresponding to 136, 78, and 146 kg ha Regardless of the higher yield in 2014, the lowest nitrogen efficiency is related to the increase in TSW rates. Serafim and Galbiatti (2010) argued that lower rates had better nitrogen performance, thus confirming the results of our research. For Fonseca et al. (2007b) , low water tension in soil derived from regular irrigation favours nitrogen performance and, as a consequence, enhances forage yield.
An improved leaf quality, in terms of CP (> 12%) and NDF (< 60%), was provided when forage had low yield. Therefore, in the fall-winter, low yields associated with a smaller leaf area and larger leaf-stem ratio resulted in higher CP content and lower NDF in both years (Tables 11 and 12 ). Furthermore, we observed a gradual increase in herbage quality in 2014, which occurred due to the increased TSW rates applied. Similar results were obtained by Dantas et al. (2016) . Foliar analysis showed that the reference treatment (E3) had an ideal CP content, albeit below average, for every season except fall-winter. This high content, shown in 2013, could be attributed to higher leaf production against stems since leaves carry the most nutrients, as shown in some previous reports. These results agree with those of Matos et al. (2013) , Silva and Queiroz (2006) , Castro et al. (2007) , Serafim and Galbiatti (2012) , Geron et al. (2014) and Dupas et al. (2010) .
Forage fertigation with TSW has the potential to supply nitrogen and potassium to crops; however, this also causes phosphorus limitation and an average potential for soil salinization because of large concentrations of sodium and coliforms within this effluent. However, it has promoted high levels of good quality forage production, favourable for cattle feeding, weight gain per animal, reducing the use of underground water and mineral fertilizers, in addition to social and environmental benefits.
Using wastewater in agriculture enables irrigated areas to be extended and reduces the amount of sewage disposed of in receiving water bodies. It denotes an alternative to control pollution of water sources, lowering underground water and fertilizer demands, in addition to a sustainable agricultural management tool.
Conclusion
Brachiaria brizantha had positive responses to TSW application, increasing annual dry biomass production from 31.3 to 47.4 Mg ha There was a marked seasonality in forage performance; the highest yields occurred in the summer (35.9 to 44.7%) and spring (35.7 to 38.4%), and the lowest yields (19.6 to 25.7%) with improved forage quality were observed in the fall-winter.
The constant use of TSW combined with growing levels resulted in forage production with an enhanced nutritional quality concerning crude protein and neutral detergent fibre.
